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Today

• Why Uranus and why an atmosphere probe?

• Outline of mission scenario from APL study

• Ongoing Thermal Protection System study at Ames

• Some of the special challenges at Uranus



Why Me?

• Papers on Uranus atmospheric structure and 
evolution since the ‘90s

• Member of decadal review panel giant planets 
subcommittee (H. Hammel, chair)

• Science advisor to Ames TPS study



Why a Mission?



Uranus: The Boring Planet



Uranus: The Boring Planet
Dynamic

Image courtesy L. Sromovsky, P. Fry, H. Hammel, I. de Pater, Keck Observatory



• Only visited by Voyager 2

• The more accessible ice giant

• Rich science target (magnetic field, 
atmospheric dynamics, moons...)

• Unsolved problem in solar system formation

• Atmospheric composition contains 
fingerprint of formation processes

• Ice giants appear to be a common outcome 
of planet formation---much more common 
than gas giants

Images courtesy H. Hammel
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Why a Probe?



Owen et al. (1999)





Cosmochemistry of Uranus
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Desire

• Noble gas abundances

• Deep methane abundance from below cloud

• Other species: hydrocarbons, S, N...

• Reveals formation mechanism, interior 
structure, dynamics, magnetic field 
generation, more...

• Thermal structure
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Winds & dynamic atmosphere of Uranus
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Decadal Survey Probe



APL Study 
for Decadal Review



Entry Systems and Technology Division

Decadal Survey – Probe Design

Probe	
  Type Pioneer	
  Venus	
  Small	
  probe

Entry	
  Vehicle	
  Diameter	
  (m) 0.76

Cone	
  Angle	
  (deg) 45

Mass	
  with	
  margin	
  (Kg) 127	
  Kg	
  (GLL	
  340	
  Kg)

Instruments
Mass	
  spectrometer,	
  temp-­‐pressure	
  
sensors,	
  USO	
  and	
  nephelometer

Entry	
  Flight	
  Path	
  Angle	
  (deg) 68

Entry	
  Velocity	
  (km/s) 22.35

Launch	
  date July-­‐August	
  2020

Arrival	
  Time 28-­‐Jun-­‐33

Peak	
  DeceleraWon	
  (g	
  Load) 390

Altitude for descent : 550 Km
Shallow descent up to 5 bar pressure.

No parachute on PV 
small probe

0.8 m
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Assumptions

� Ka-band transmitter: 40 W RF (100 W DC)
� High-gain reflector antenna: 2.5 m diameter
� JPL weather data from Ka-band radiometer
� Mission trajectory to ground station with best view (elevation) at 

time of signal arrival at Earth
� No account for occultation/solar conjunction

� These must not occur at least 1 light time ahead of pass and for 8 hours 
thereafter
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time of signal arrival at Earth
� No account for occultation/solar conjunction
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� Mission trajectory to ground station with best view (elevation) at 

time of signal arrival at Earth
� No account for occultation/solar conjunction

� These must not occur at least 1 light time ahead of pass and for 8 hours 
thereafter

TPS	
  Gap?



What are TPS Requirements?

• Peak deacceleration

• Pressure

• Heat load

• Phenolic Impregnated Carbon 
Ablator (PICA) or new TPS?



Entry Systems and Technology Division

Uranus Probe Concept study

Objectives:
• Establish probe entry environments based on the 

Flagship mission outlined in the Planetary Science 
Decadal Survey for 2013-2023.

• Define Uranus entry trade space by performing 
several parametric studies for various trajectory 
options, including ballistic and aerocapture entry 

• Identify entry technologies that could be leveraged 
to enable a viable mission to Uranus and meet 
science objectives

This study is funded by the Entry Vehicle Technology project under 
the In-Space Propulsion Technology program. 



Entry Systems and Technology Division

Current Status

• An engineering atmospheric model based on previous models 
and measurements has been developed to perform entry analysis. 
This model covers 0 to 5000 km altitude.

• Analyses have been performed for a range of entry flight path 
angles (EPFA) with ballistic coefficient varying from 150 kg/m2 to 
400 kg/m2 for several entry vectors. 

• Parametric studies of a range of probe masses and diameters are 
being conducted.

• Based on entry parameters (heat flux, pressure, heat load etc.), 
Thermal Protection System (TPS) material masses, as well as 
minimum performance criteria for new TPS materials, will be 
established.

• A comparative study between aerocapture and ballistic entry 
options is in progress.

Note: The final results of this study will presented at 2014 IEEE and/or IPPW meetings.



Lessons Learned
So Far
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Shallow probe 
doesn’t give
much benefit



log density (kg m-3)            



Phil Nicholson 
avoidance zone
o cloudtops to 52,000 km
o 67,000 +/- 2,000 km
o 90,000 +/- 9,000 km

25,000 kmRing 
avoidance is 
non-trivial
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non-trivial

Need a fuller 
assesment of mission 

trades and risk

Mind the gap?
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Rings as an Obstacle Depends on 
Arrival Date
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Direct Entry Issues

Typical interplanetary trajectory to 
Uranus gives entry velocity of ~23 
km/sec



Release
probe

interplanetary 
trajectory

Orbit insertion 
burn



Assumptions

� Ka-band transmitter: 40 W RF (100 W DC)
� High-gain reflector antenna: 2.5 m diameter
� JPL weather data from Ka-band radiometer
� Mission trajectory to ground station with best view (elevation) at 

time of signal arrival at Earth
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Release
probe

Orbit insertion 
burn

Raise periapse
burn

interplanetary 
trajectory

More 
benign 
entry 

conditions?

Needs a fuller 
assesment



Uranus	
  Orbiter/Probe
•	
  Broad	
  scienAfic	
  reach,	
  with	
  significant	
  
gains	
  across	
  many	
  disciplines
atmospheric	
  dynamics,	
  chemistry,	
  radiaAon	
  
balance,	
  planetary	
  interiors,	
  magneAc	
  fields,	
  Sun-­‐
planet	
  connecAons,	
  satellite	
  science,	
  ring	
  science	
  

•	
  Strong	
  Aes	
  to	
  exoplanet	
  research

•	
  Entry	
  probe	
  TPS	
  study	
  is	
  ongoing

•	
  Full	
  mission	
  design	
  requires	
  a	
  richer	
  
study

Entry	
  probe	
  appears	
  very	
  doable	
  and	
  
drama1cally	
  increases	
  mission	
  science	
  
yield.	
  	
  Details	
  on	
  TPS	
  requirements	
  next	
  
year.

Image courtesy H. Hammel



Backup: 2030’s Launch Dates


